Abstract Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease that can cause significant kidney disease. Our goal was to assess the relative mortality risk associated with SLE in pediatric and adult populations with end-stage renal disease (ESRD) maintained on hemodialysis (HD). We performed Kaplan-Meier survival analysis from data collected by the United States Renal Data System (USRDS) in strata of pediatric and adult patients. This file includes data on all Medicare-reimbursed renal replacement patients. Cox proportional hazard models were used to assess mortality after adjusting for race and gender. Subjects were censored at transplantation or at end of follow-up. Pediatric patients with ESRD secondary to SLE had a 2-fold increased risk of death compared with other pediatric patients with ESRD (hazard ratio [HR]: 2.4, 95% confidence interval [CI]: 1.5-3.7). Adult patients with ESRD secondary to SLE were also at increased risk of death compared with other adult patients (HR: 1.7, 95% CI: 1.2-2.7). The most common causes of death in both pediatric and adult patients with SLE were cardiovascular disease and cardiac arrest. Our study demonstrates that there is a significant increase in mortality secondary to cardiovascular disease in pediatric and adult patients with ESRD secondary to SLE. Patients with ESRD secondary to SLE may need aggressive monitoring for traditional risk factors for atherosclerosis and the diagnosis of SLE alone may be an independent risk factor for death in patients with ESRD.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease with varied clinical presentations. SLE accounts for up to 10% of patients with pediatric rheumatic diseases with an estimated prevalence of between 5,000 and 10,000 children in the United States [1] . In adults, the prevalence of SLE is estimated at 20 to 150 cases per 100,000, with the prevalence in African-American women 2.5-to 3-fold higher than in Caucasian women [2, 3] .
Up to 60% of adults and 80% of pediatric patients with SLE will have kidney involvement at some point in their disease course [1, 4] . Clinically, kidney involvement in SLE may vary from mild hematuria or proteinuria to acute or chronic kidney disease. Additionally, a number of patients will progress to end-stage renal disease (ESRD) requiring renal replacement therapy [5] [6] [7] . The renal pathology in these cases can have a broad range of activity, from minimal mesangial involvement (International Society of Nephrology and Renal Pathology Society [ISNRPS] class I) to diffuse proliferative glomerulonephritis (ISNRPS class IV) and advanced sclerosing lupus nephritis (ISNRPS class VI) [8] .
In order to evaluate outcomes in patients with ESRD secondary to SLE, we utilized a large national database to define hazard ratios for mortality in individuals with ESRD due to SLE compared with other causes of ESRD. Our goal was to compare differences in mortality among three groups: Cox proportional hazard models were used to assess whether SLE as a cause of ESRD was associated with an increased risk of death. For the adjusted analysis, in order to have the most parsimonious model, only the significant predictors from the unadjusted analysis and clinically relevant variables were used in the analysis. The proportional hazards assumption was not violated for any variable over time (p values >0.05 by means of global test of Schoenfeld residuals). P values less than 0.05 were considered significant. Data were analyzed using STATA, version 9 (Stata Corporation, College Station, TX, USA).
Results
A total of 98,483 patients identified were maintained on hemodialysis (HD) between 1 January 1990 and 31 December 2004. There were 1,513 patients with ESRD secondary to SLE, 171 of whom were pediatric patients with an age at first ESRD dialysis service ≤ 18 years. Demographic characteristics are presented in Table 1 . Pediatric patients with SLE were older than other pediatric patients with ESRD maintained on HD; in contrast, adult patients with SLE were younger than other adult patients with ESRD (p<0.01). There was an increased percentage of female gender and black race in patients with SLE, both pediatric and adult populations, compared with other patients (p<0.01). Pediatric patients with ESRD secondary to SLE were older with an increased female and black race predominance compared with other pediatric patients (p<0.01)
Adults with ESRD secondary to SLE were younger with an increased female and black race percentage compared with other adults (p<0.01)
There were also significantly more black race patients in the pediatric SLE population than in adults with SLE (p<0.01)
There were a total of 29 deaths in the pediatric patients with SLE and 316 deaths in pediatric patients with other causes of ESRD. Pediatric patients with SLE were older at death compared with others (24.3 years in SLE vs 21.6 years in others, p<0.001). The Kaplan-Meier curve is shown in Fig. 1 . Pediatric patients with SLE had a 2-fold increased risk of death compared with other pediatric patients (hazard ratio [HR]: 2.4, 95% confidence interval [CI]: 1.5-3.7). Even after adjusting for race, gender, and age at death, pediatric patients with SLE were at increased risk of death (HR: 3.1, 95% CI: 1.8-5.1) compared with other patients their age.
There were a total of 559 deaths in adult patients with ESRD secondary to SLE, and 58,336 deaths in adults with ESRD secondary to other causes. Adult patients with SLE were significantly younger at death than other adults maintained on HD (49.4 years in SLE patients vs 66.1 years in others, p<0.001). The Kaplan-Meier curve comparing these populations is shown in Fig. 2 . Adult patients with SLE were at increased risk of death compared with other adult patients in the USRDS database (HR: 1.7, 95% CI: 1.2-2.7). After adjusting for age at death and gender, adult patients with SLE maintained an increased risk of death (HR 1.7, 95% CI: 1.1-2.6)
The Kaplan-Meier curve comparing pediatric and adult patients with ESRD secondary to SLE is shown in Fig. 3 . There was no significant difference in the hazard ratio between these groups (HR: 1.09 95% CI: 0.62-1.94).
For this analysis, we censored patients at the time of renal transplantation. This was done because previous study has noted that patients with SLE are less likely to receive renal transplantation than other patients with ESRD, perhaps leading to disparate groups for comparison [10] . In a separate analysis of those patients who did receive renal transplantation, the trend of the hazard ratios remained the same, with increased mortality in the pediatric patients with SLE (HR: 2.11, 95% CI: 1.07-4.16), as well as for adults with SLE (HR: 1.73, 95% CI: 0.59-5.11). Even when comparing these potentially uneven groups, the trend toward increased mortality in the patients with SLE remains.
Only the top five reasons for death were noted in the USRDS dataset. The most common causes of death in pediatric patients with ESRD secondary to SLE were cardiovascular disease and cardiac arrest (75%), followed by septicemia/infections (25%). In pediatric patients with other causes of ESRD, the five most common causes of death were cardiovascular disease (26%), infections (12%), other (10%), diabetes mellitus (7%), and disorders of the nervous system (5%). In adult patients with ESRD secondary to SLE the leading causes of death were cardiovascular disease (30%), infections (20%), of unknown etiology (15%), diabetes mellitus (12%), and lung disease (7%). In adults with other Fig. 3 There was no difference between the Kaplan-Meier curves of adult and pediatric patients with ESRD secondary to SLE causes of ESRD, the most common reasons for death were cardiovascular disease (25%), other etiologies (12%), infections (8%), malignant neoplasms (7%), and coagulation disorders (6%).
Discussion
In this study, we found that pediatric patients who initiated HD when ≤ 18 years of age with ESRD secondary to SLE are at an almost 2-fold higher risk of death compared with pediatric patients with ESRD secondary to other causes. Strikingly, there was no significant difference in the risk of death between pediatric and adult patients with SLE, indicating that the pediatric population with SLE is at significant risk. In both pediatric and adult patients with SLE, the vast majority of the deaths were secondary to cardiovascular disease.
In adults with chronic inflammatory rheumatic conditions such as SLE and rheumatoid arthritis, numerous reports have shown an increased incidence of cardiovascular events compared with age-matched normal controls [11, 12] . In women with SLE aged 35-55 years, the incidence of myocardial infarction was 50 times higher than for normal controls. This increased risk of cardiovascular events is not explained by traditional risk factors such as hypertension, diabetes, or smoking [13] .
In a series of 31 children with SLE, 16% of them had abnormalities in cardiac perfusion on thallium perfusion scans [14] . In a cohort of 221 pediatric patients with SLE, proteinuria was associated with increased carotid wall intima media thickness [15] . Some studies have shown increased markers for subclinical atherosclerosis in young adults with SLE and it is hypothesized that the atherosclerotic process begins earlier in children with chronic inflammatory diseases [16] .
Inflammation may play a pathological role in the development of cardiovascular disease. Serum markers of inflammation such as C-reactive protein and tumor necrosis factor-α have been shown to mediate the development of atherosclerosis [17] [18] [19] [20] . The amount of inflammation in adult patients with SLE has been shown to correlate with increased carotid intima-media thickness, a surrogate of subclinical atherosclerosis [16, 21, 22] . In addition, increased disease activity and damage scores in adults with SLE correlate with atherosclerosis [23] . In the USRDS dataset, there is no information on disease activity indices or inflammatory markers; thus, we are not able to correlate the degree of inflammation with cardiovascular disease. However, an increased inflammatory state leading to atherosclerosis may account for the much younger age at death for the adult patients with ESRD secondary to SLE compared with other patients.
As regards more traditional risk factors, elevated triglyceride and very-low-density lipoprotein (VLDL) have been found in both pediatric and adult patients with SLE [24] [25] [26] . Additionally, increased low-density lipoprotein (LDL) oxidation has been found in pediatric patients with SLE [25] . In patients with ESRD secondary to other causes, dyslipidemia may also occur [27, 28] . Markedly increased triglyceride levels and small dense LDL particles have been reported in patients receiving hemodialysis. However, there is less of an association between LDL levels and the presence of cardiovascular disease in patients receiving long-term hemodialysis compared with the general population. Medications used to treat SLE, such as glucocorticoids, may also contribute to lipid dysregulation [24] . Hypertension, another traditional risk factor for atherosclerosis, has been seen in up to 60% of adults with SLE who are 10 years from their initial diagnosis [29] .
Guidelines have been developed to help diagnosis and treat these traditional risk factors in patients with SLE [30] . These include counseling on regular exercise and diet to maintain a BMI <25 kg/m 2 , treating dyslipidemia with a goal LDL of < 100 mg/dl, checking blood pressure at each visit and between visits for those on corticosteroid therapy, tobacco cessation, and monitoring yearly fasting glucose. It is unclear if checking C-reactive protein as a marker for inflammatory cardiovascular risk in patients with SLE is helpful as it can be elevated in patients with active disease.
For patients with renal disease secondary to SLE, nephrotic range proteinuria has been associated with increased carotid intimal wall thickness in pediatric patients with SLE. Nephritis can also be associated with hypertension, which may be a contributor to atherosclerosis in some of these patients [4, 31] . This study is limited by the retrospective nature of the data. Detection of incident cases of ESRD in the USRDS is not complete because data from patients who die of ESRD before receiving renal replacement therapy is not included. This may dilute the hazard ratio as the sickest patients would not be included in the analysis. Pediatric patients with SLE were older than patients with other causes of ESRD at first entry into the USRDS database. This may be because SLE presents later in adolescence, usually after puberty, whereas other causes of ESRD in the pediatric population, such as urological disease, present in early childhood. This age difference may be why pediatric patients with SLE were older at death. Interestingly, even after adjusting for this difference in age, mortality was higher in pediatric patients with SLE suggesting that the disease itself, either through inflammation or mechanisms not yet known, may increase mortality.
Our study demonstrates that there is a significant increase in mortality, particularly secondary to cardiovascular disease, in pediatric and adult patients with ESRD secondary to SLE compared with other patients with ESRD. This is especially true for pediatric patients with SLE who began HD on or before age 18 years, where the risk of death was 2-fold higher than their peers. This suggests that pediatric and adult patients with ESRD secondary to SLE need careful monitoring and aggressive treatment for traditional risk factors for atherosclerosis such as hypertension and obesity. Additionally, they should also be evaluated for more non-traditional risk factors, which could result in an inflammatory state and contribute to cardiovascular disease. However, based on this study, it seems possible that the diagnosis of SLE alone may be an independent risk factor for death in patients with ESRD.
